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Problem  studied:  The  objective  of  this  research  was  to  characterize  and 
„  understand  the  shock  wave  consolidation  of  metal  powders.  A  primary  concern 
was  the  assessment  of  this  process  as  a  means  of  consolidating  rapidly 
solidified  powders  without  destroying  the  unique  microstructures  obtained 
during  the  rapid  solidification  processing. 

Principal  accomplishments:  The  conclusions  of  this  work  have  been  given  in 
detail  in  the  publications  listed  subsequently,  and  only  a  summary  outline  is 
presented  here.  More  information  can  be  obtained  from  the  publications  cited 
by  number  at  the  end  of  each  listing. 


1.  Measured  the  shock  Hugoniots  of  unsintered  copper,  4330  steel  and  rapidly 
solidified  aluminum  +  6%  silicon  powders  and  showed  that  ductile  materials  can 
be  described  by  the  "p-a"  model  of  pore  collapse.  Generally,  irregular,  low 
packing  density  powders  achieve  full  density  at  the  lowest  stresses  for  any 
given  material;  likewise  spherical  powders  required  higher  stresses  [1]. 

2.  Developed  an  elementary  model  for  surface  heating  based  on  the  flux  of 
energy  at  the  surfaces  of  powder  particles  during  the  rise  of  the  compaction 
shock.  This  model  was  shown  to  agree  with  experimental  observations  of  the 
fraction  of  localized  material  modification.  It  was  concluded  that:  (1)  The 
specific  area  of  the  powder  and  the  rise  time  of  the  shock  are  important 
quantities  which,  with  the  net  specific  energy,  determine  the  surface 
temperatures  achieved;  (2)  Most  of  the  energy  of  the  shock  is  deposited  at 
powder  particle  surfaces;  (3)  For  given  compaction  conditions,  the  highest 
surface  temperatures  are  obtained  in  powders  of  moderate  packing  density  and 
small  specific  area;  (4)  Heating  and  cooling  rates  at  particle  surfaces  can  be 
extremely  high  (108  -  1011  C/s),  and  metastable  structures  may  form  from 
locally  melted  or  modified  material;  (5)  For  monosized  spherical  powders,  the 
energy  flux  is  independent  of  particle  size,  and  the  surface  temperature 
increases  with  particle  size  [2-4]. 


3.  Characterized  the  microstructures  of  compacts  of  copper,  4330  steel  and 
aluminum  +  6%  silicon,  and  concluded  that:  (1)  Localized  thermal  modifications 
can  take  the  form  of  solid-state  phase  transformations  (martensite  in  the 
steel)  or  surface  melting  (A1  +  6 %  Si);  (2)  Knowledge  of  the  shock  history  is 
essential  to  the  interpretation  and  control  of  the  consolidated 
microstructure;  (3)  Residual  temperatures  following  compaction  at  stresses 
sufficiently  high  to  induce  desired  surface  modifications  may  produce 
undesirable  changes  in  the  final  compact  microstructure.  The  minimum  powder 
size  is  fixed  by  the  maximum  residual  temperature;  (4)  Confirmed  the  melting 
and  rapid  resolidification  of  material  as  a  result  of  severe  local  deformation 
[5,6]. 


4.  Produced  consolidated  aluminum  +  6%  silicon  with  tensile  properties 
comparable  to  those  of  wrought  material  [6,8]. 

3.  Showed  that  carbon  piezoresistive  sensors  could  be  used  to  determine 
stresses  during  the  consolidation  of  unsintered  metal  powders  [7]. 
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6.  Wrote  a  review  (by  invitation)  of  the  dynamic  consolidation  of  metal 
powders  [8]. 


7.  Studied  particle  size  effects  in  samples  of  explosively  compacted  toa/ 

Stainless  Steel  [9].  Availability 
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8.  Performed  cursory,  Low  and  high  pressure  compaction  experiments  on 
copper-zirconium  rapidly  solidified  powder.  Complete  melting  was  observed  at 
60  GPa  [10]. 
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